Today, patients not only expect improvement in best-corrected visual acuity solely, but also the most considerable improvement in uncorrected visual acuity as the outcomes of routine and straightforward cataract surgery. Recently, the formulae used to calculate intraocular Purpose: This study aimed to assess five intraocular lens (IOL) formula refractive outcomes in eyes with extreme axial length (AL) in the day-to-day practice of a secondary care center. Design: This is a retrospective consecutive case series. Methods: From all uneventful phacoemulsification cataract surgeries performed during 2018 (n = 1528), eyes with AL ≤22 mm and ≥25 mm were included and, after applying exclusion criteria, were validated (n = 114). Five IOL power formula predictions were compared to registered postsurgical refractions using IOL Master 500 © . Two subgroups were created: eyes with AL ≤22 mm (n = 52) and AL ≥25 mm (n = 62). The formula performance in each subgroup was assessed by values of mean error, mean absolute error (MAE), median absolute error, standard deviation, and frequencies of eyes within lesser values of prediction error (PE). Results: The formulae presented different PE values in both subgroups. In AL ≤22 mm subgroup, the MAE was 0.622 (±0.120) for Barrett II, 0.684 (±0.153) for Haigis, 0.625 (±0.131) for Hoffer Q, 0.593 (±0.130) for Holladay I, and 0.593 (±0.119) for SRK/T, without statistical significance (P > 0.05). In AL ≥25 mm subgroup, the MAE was 0.409 (±0.110) for Barrett II, 0.739 (±0.159) for Haigis, 1.143 (±0.224) for Hoffer Q, 1.058 (±0.212) for Holladay I, and 0.928 (±0.190) for SRK/T, with statistical significance compared to Barrett II and Haigis (P < 0.001). In this subgroup, the application of Wang-Koch AL adjustment seemed an advantage in Hoffer Q and Holladay I, whereas a disadvantage in Haigis and SRK/T. Conclusions: Despite performing better than any other formulae, the 4 th generation formulae performed worse than initially expected. Formula constants might explain this difference, and different IOL models can be used. However, these limitations are faced in day-to-day practice. Thus, these results hold their value as real-life refractive outcomes in eyes with extreme AL.
lenses (IOLs) have come a long way through the crossing from the 3 rd generation (Hoffer Q, [1] Holladay I, [2] and SRK/T [3] ) to the 4 th generation (Barrett II, Haigis, Holladay II, and Olsen) formulae. The significant difference in the latter consists in considering more than the two traditional measurement parameters, from the axial length (AL) and keratometry to including anterior-chamber depth, lens thickness, and horizontal white to white. [4] This study intends to make a retrospective analysis of five formulae (Barrett II, Haigis, Hoffer Q, Holladay I, and SRK/T) refractive outcomes in our department's phacoemulsification procedures during 1 year in extreme AL eyes.
In this study, using the IOL Master 500 © IOL power calculator, it was possible to study and compare the performance of five different formulae when using two different IOLs, with the final goal of obtaining real-life results from day-to-day practice, which are usually different from the results of theoretical studies.
METHODS
This study abided to the ethics code based on the tenets of the Declaration of Helsinki and was approved by Hospital Espírito Santo de Évora's Ethics Committee. The acquisition of measurements was carried out using IOL Master 500 software (v7.3.0.0048, Carl Zeiss Meditec, Jena, Germany), which is a partial coherence interferometry-based biometer. [5] According to Cooke and Cooke, [6] in extreme short eyes (AL ≤22 mm), the best formulae should be Barrett II and Holladay I, whereas in large eyes (AL ≥25 mm), the best formulae should be Olsen and Haigis. These results contradicted the previous results of the superiority of Hoffer Q in short eyes and of Holladay I in long eyes. [7] 
Inclusion criteria
Our group evaluated the electronic medical records of all patients who were submitted to uneventful phacoemulsification cataract surgery from January 1, to December 31, 2018. We selected all eyes with AL ≤22 mm or ≥25 mm (as considered by the IOL Master 500 © software, Carl Zeiss Meditec, Jena, Germany, and by Cooke and Cooke [6] ). At our department, the patients were implanted with AKREOS AO MI60 © IOL (Bausch and Lomb © , Laval, Quebec, Canada) or with AMO Tecnis 1 ZCB00 © IOL (Johnson and Johnson © , New Brunswick, New Jersey, United States of America).
Exclusion criteria
All eyes with ocular pathology, which abandoned follow-up, which did not get subjective manifest refraction before 90 days postsurgery, or which were the second eyes (as suggested by the Protocols for Studies of Intraocular Lens Formula Accuracy [8] ) were excluded from this study. An overview of our selection and validating criteria is depicted in Figure 1 .
Postoperative assessment
The postoperative assessment comprised subjective manifest refraction acquired between 30 days and 90 days postoperatively.
Formula availability
The Haigis, Hoffer Q, Holladay I, and SRK/T were available in IOL Master 500 © IOL power calculation software (v7.3.0.0048). The Wang-Koch (WK) AL adjustment published in 2011 was applied to the Haigis and Hoffer Q formulae, [9] whereas the WK adjustment published in 2018 was applied to the Holladay I and SRK/T formulae. [10] The Barrett II Universal formula is freely available on the Asian-Pacific Association of Cataract and Refractive Surgeons (https://www.apacrs. org/barrett_universal2/).
Regrettably, the Holladay II and Olsen formulae are not freely accessible and, as such, were not available for comparison in this study. 
Preoperative measurements (biometry measurements)
All eyes had three parameters measured before surgery, namely AL, keratometry, and anterior-chamber depth. While the Hoffer Q, Holladay I, and SRK/T only consider AL and keratometry, the Barrett II Universal considers AL, keratometry, and anterior-chamber depth, with optional consideration of horizontal white to white and lens thickness. The Haigis formula considers AL and anterior-chamber depth.
Prediction error
The prediction error (PE) is defined as the difference between the subjective postsurgical spherical equivalent (SE) and the SE predicted by each formula using the IOL power implanted. As such, a positive PE points to a more hyperopic refractive outcome, and a negative PE points to a more myopic refractive outcome.
Formula constant for each intraocular lens
According to the Protocols for Studies of Intraocular Lens Formula Accuracy, [8] whenever in the absence of enough available clinical datasets, the constants from the User Group for Laser Interference Biometry (ULIB) should be applied. As Barrett II Universal constant optimization was not possible and as Haigis a1 and a2 constant optimization was not possible due to sample size (n < 200), we considered the ULIB optimized constants for the two IOLs used, as described in Figure 2 .
Computations and calculations
While PE was calculated using Microsoft Office Excel 2016 © (Microsoft © , Redmond, Washington, United States of America), the mean error (ME), the mean absolute error (MAE), the median absolute error, the standard deviation, and the statistical significance were calculated with IBM © SPSS © 25, IBM © , Armonk, New York, United States of America). As our samples present a nonnormal distribution according to Shapiro-Wilk and Kolmogorov-Smirnov tests, statistical significance was calculated by Wilcoxon and Friedman tests, using the 4 th generation formulae available as reference (Barrett II Universal and Haigis). The results were considered statistically significant whenever P < 0.05.
RESULTS
From the 1528 eyes submitted to routine phacoemulsification procedures, the inclusion criteria selected 170 eyes, whereas the exclusion criteria removed 36 eyes. Thus, the entrance criteria validated 134 eyes in 114 patients, comprising 62 eyes with AL ≤22 mm (in 62 patients) and 52 eyes with AL ≥25 mm (in 52 patients), as shown in Figure 2 .
As shown in Table 1 , the short eyes subgroup presented a mean AL value of 21.633 (±0.087) mm and was implanted with AKREOS AO MI60 in 59.68% procedures and with AMO Tecnis 1 ZCB00 in 40.32% procedures. The long eyes subgroup presented a mean AL value of 26.732 (±0.526) mm and was implanted with AKREOS AO MI60 in 53.85% procedures and with AMO Tecnis 1 ZCB00 in 46.15% procedures. Table 2 , in eyes with AL ≤22 mm, the SRK/T formula registered the lowest MAE value and overall, the highest rates of lesser PE. On the other hand, the Haigis formula registered the highest MAE value and the Hoffer Q formula registered, overall, the lowest rates of lesser PE. However, these results did not achieve a statistically significant difference, as shown in Table 3 . Table 2 , in eyes with AL ≥ 25 mm, the Barrett II Universal formula registered the lowest MAE value and the highest rates of lesser PE. On the other hand, the Hoffer Q formula registered the highest MAE value and the lowest rates of lesser PE. The Barrett II Universal Formula results achieved a statistically significant difference in the reduction of MAE and the reduction of the rates of lesser PE. Regarding Haigis, the results showed statistically significant differences in MAE value when compared to all formulae, but only showed statistically significant improvements in rates when compared to the Hoffer Q formula, as shown in Table 3 .
As shown in

Analyzing the results of the AL WK adjustment in long eyes (AL ≥ 25 mm), the results showed lower MAE values and higher rates of lesser PE in the Hoffer Q and Holladay I formulae, whereas the results showed higher MAE values and smaller rates of lesser PE in the Haigis and SRK/T formulae [ Table 4 ].
DISCUSSION
Regarding the short-eyes subgroup (AL ≤22 mm), all the formulae showed a hyperopic ME except for Haigis. Table 3 ], the Haigis always shows a statistically significant difference (which can be explained by the myopic shift), whereas the Barrett II only shows a statistically significant difference against Hoffer Q. However, when considering the P values of MAE, there were no statistically significant differences. When assessing the rates of patients with lower PE values [Tables 2 and 3 ], there was a trend for higher percentages with the Holladay I formula (until ±0.75 D cohort) and with the Haigis and SRK/T (in +0.75 D and +1.00 D cohorts), while not statistically significant (P > 0.05). The Barrett II Universal formula seemed to perform worse than the Haigis, Holladay I, and SRK/T, which is a surprising result when comparing to Cooke and Cooke's results that described the Barrett II Universal formula as being superior to the Haigis and SRK/T [ Table 5 ].
Regarding the long-eyes subgroup (AL ≥25 mm), all formulae showed a hyperopic ME except for the Barrett II Universal, which showed the ME value most approximate When considering the role of WK AL adjustment in the long-eyes subgroup (AL ≥25 mm), there seems to be an advantage to apply it when using the Hoffer Q or Holladay formulae and a disadvantage when using the Haigis or SRK/T formula. However, it should be duly noted that this adjustment is not readily available on the biometer measurement software, forcing an external calculation with posterior manual re-entry of the value into the biometer calculation software. Bearing in mind the day-to-day practice reality, this adjustment seems to bring little improvement for the effort demanded and, as so, does not seem worthy of routine implementation in nonspecialized centers.
Our results are different from the expected values based on the results published by Cooke and Cooke, [2] as shown in Table 5 . Furthermore, the results are different, whether we analyze MAE values or analyze the percentage of patients with lower PE values.
First, our group was not able, as most secondary care centers (nonspecialized in refractive surgery), to optimize the formula constants to our sample, whereas the literature shows results based on sample-optimized constants. Second, our group implanted two IOL models (AKREOS AO MI60 © and AMO Tecnis 1 ZCB00 © ), different from the mostly used IOL model, Acrysof SN60WF © (Alcon © ), in the published literature. Thus, the limitations of this study might account for the central part of the divergence (the small sample size, the nonoptimized sample formula constants, and the IOLs used). Nonetheless, while these limitations exist and are acknowledged, these are the same limitations faced by clinicians in the day-to-day practice and need to be addressed not only when considering real-life results but also when translating them to the routine practice of any nonspecialized center.
CONCLUSIONS
The main take-home message from this study is the remarkable difficulty in calculating the adequate IOL power for eyes with extreme ALs, whether short or long. When comparing the old and new IOL calculating formulae, the results show some superiority of the Haigis and SRK/T formulae in short eyes and a clear advantage of the Barrett II Universal formula in large eyes. Despite these real-life results from day-to-day practice showing differences from the already-published data, these results confirm an improvement when switching from the 3 rd -generation formulae to the 4 th generation, just not as much as expected or wished for.
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